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Preface 


Performance of a 1ocket-borne infrared sky survey requires a team effort. 
Many individuals and organizations heave contributed significantly to various 
aspects of the program. 

The telescope was developed at Hughes Aircraft Co. under the guidance of 
Jack3on Steffes, Richard Heddon, and John Heintz. 

Both the rocket attitude control system and payload recovery system were 
developed at Space General Corp (now Aerojet Liquid Rocket Co.) under the 
direction of Mike Watson and Clifford Chalphant. Special thanks go to Joe Meyer, 
John LaBuda, William Frognone, Arthur Takeda, and Philip Meridith for their 
engincering genius and excellent field support. 

The rockets were prepared and launched by the U.S. Naval Ordinance Missile 
Test Facility. We are eypecially grateful for the untiring support of Gunner" 
Lloyd Briggs (USNOMTF), Ray Petracek (ALRC), Gordon Haiken (ALKC), and 
Fred Lemmon (NMSU). 

Overall design of the payload instrumentation system and telescope mounting 
waa performed by the Aerospace Instrumentation Laboratory of AFCRL under the 
direction of C. Nealon Stark, whose depth of experience and engineering ingenuity 
were largely responsible for the success of the rocket program. We wish to 
particularly acknowledge Paul Hartnett, Daniel Nardello, Ed LaBlanc, Larry 
Smart, and Thomas Campbell of the Wentworth Institute for their contributions 
to fabrication, integration, and field support of the payload system; and Charles 
Howard, Raymond Wilton, William Miller, Eban Hiscock, and Philip Gustafson 
(all of AFCRL) for their valuable technical inputs and coordination of group efforts. 
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The dual FM/PCM telemetry systems were puilt and prepared by Richard Buck, 
Dale Costner, and Claude Gwinn of Oklahomz State University. 

Design and development of the stellar aspect system, alignment of the optical 
sensors, refurbishment of the infrared telescope between flights and preparation 
of the telescope for Night was accomplished in the Optical Physics Laboratory of 
AFCRL by Peter C. Tandy, David Akerstrom and Michael Mitchell under the 
direction of Charles V. Cunniff. Anthony D'Agati supplied launch window calcula- 
tions, advice and numerous computer routines necessary for display and analysis 
of the flight data. Computer reduction of the vast quantities of flight data was 
facilitated by Leonard Marcotte and his intimate knowledge of the AFCRL CDC 
6600. 

We are indebted to Dr. Thomas L. Murdock for his many helpful discussions 
and assistance in the field. : 

We would like to thank J. W. Sulentic and W.G. Tifft for supplying us with 
their RNGC catalog on computer tape produced under NASA Grants NGR 
03-002-032 and 03-002-091. We are also grateful to R.S, Dixon for a copy of 
the OSU radio survey on tape. 

This program was sponsored in part by the Advanced Research Projects 
Agency. We are grateful to Mike Dow, Robert Paulson and James Justice for 


‘ their support. 
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AFCRL Infrared Sky Survey 


Volume |. Catalog of Observations 
at 4, 11, and 20 Microns 


1. INTRODUCTION 

During 1971 and 1972, the Air Force Cambridge Research Laboratories con- 
ducted a survey of the sky in the intermediate infrared spectral region. The ob- 
jective of this was to obtain the brightness and spatial distribution of a representa- 
tive sample of the types of celestial objects that emit strongly in the infrared. Of 
primary concern was the determination of the positions of unusual sources of 
emission with sufficient accuracy to enable them to be acquired by ground based 


telescopes for further detailed investigation. 


2. INSTRUMENTATION 


The survey was performed using a small cryogenically cooled rocket-borne 
telescope, Interference filters placed in the cross scan direction in front of a 
multi-element detector array located at the telescope focal plane, permit almost 
simultaneous measurements in three spectral regions. The three bands have 
effective wavelengths of 4.2, 11.0, and 19.8 microns and bandwidths of 1.5, 5.1, 


and 5.6 microns respectively. 


(Received for publication 10 July 1975). 
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Distributior of 19.8 Micron Sources Plotted in New Galactic Coordinates 


Figure 6. 
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respectively, The heavy line in these figures defines the survey scan limits and 
the dotted line, about which many sources are concentrated, is the galactic plane. 
Figures 4, 5 and 6 present the same sources plotted in galactic coordinates. 

For inclusion in the catalog, an observed source must satisfy stringent signal- 
to-noise criteria. In addition, any source scanned three or more times and ob- 
served only once was excluded regardless of its signal-to-noise ratio. Differences 
in channel-to-channel responsivity and variations in the system noise level during 
the observing period, combine to render the catalog incomplete at the faintest 
irradiance levels. Our analysis indicates that the catalog is statistically complete 
to M(4) = +1.1 M(i1)=-1.2 and M(20) = -3,2 magnitudes. We emphasize that use 
of the catalog for statistical purposes at fainter magnitudes will lead to gross 
errors. It contains 2507 sources detected at 4.2 microns 1441 at 11 microns and 
873 at 19.8 microns; 1344 out of the total 3198 sources were observed in more 
than one wavelength region and 279 were observed in all three spectral bands. 


4. THE CATALOG 


The catalog ts divided inte three parts: Part I - Table of Observations; 
Part lI - A list of individual measurerents on Multiply Observed Sources; ani 


Part III - Remarks, 


4 
§ 


Part | - Table of Observations 


1. COLUMN 1 - CATALOG NUMBER (CRL) 


The sources are arranged in ascending order in right ascension, The CRL 
number is the catalog serial number assigned to the source, 


2. COLUMN 2 AND 3 - COORDINATES (RA, DEC) 


The measured right ascension and declination, precessed to epoch 1950, are 
given in these columns. The zenith encoder and stellar aspect sensor provide 
initial positions in rocket coordinates for sources detected on each flight. These 
positions were compared to IRC source positions (Neugebauer and Leighton!) and 
converted to rocket coordinates to obtain associations between the CRL and IRC 
sources, The IRC positions were then used to determine any offset or bias angles 
present in the azimuth and zenith position for eac.1 sensor scan. The derived 
offsets were applied to all the measured source posttions which were then converted 
into celestial coordinates. These are the coordinates tabulated for singly observed 
sources, Sources in the multiply scanned regions which were detected on different 
rocket flights, were considered to be the same source if their error boxes over- 
lapped. In this case, the tabulated pogition is an averars _—_ the individual posi- 
tion measurements. 


Due to the large number of references cited on this ana ihe following pages, the 
references will not be foot-noted. Refer to list of references on page 155, 
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3. COLUMN 44ND 5 - RIGHT ASCENSION (EA) AND DECLINATION (ED) ERROR BOX 


An estimate of the positional uncertainty in right ascension is given in 
column 4 to the nearest second of time, and similarly for declination to the nearest 
tenth of a minute of arc in column 5. Positional updating, as described above, 
results in aspect solutions with errors much smaller than the field-of-view of a 
single detector. Thus, the positional uncertainties are dominated by the effective 
resolution of the detector elements, which includes the effects of detector-to- 
detector overlap. The resolution half widths in the scan and cross scan directions 
were transformed from rocket to celestial coordinates and the results tabulated 
for singly observed sources. For multiply observed sources, the individual error 
boxes were combined in the root sum square sense and the resultant reduced by the 
square root of the number of observations prior to listing in the catalog. 

Histograms of the angular difference, in minutes of arc, between CRL and 
IRC right ascensions and declinations are shown in Figures 7 and 8. The rms of 
the deviations are 1.5 arc minutes in right ascension and 1,25 arc minutes in 
declination. Thus, the average position in the catalog may be two or three times 
more accurate than the error box associated with ‘t, justifying the number of sig- 
nificant figures retained in columns 2 and 3. The CRL positions are on the average 
2.4 arc seconds east and 3.6 arc seconds north of the IRC positions. This is 
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Figure 7, A Histogram for the Angular Difference in Right Ascension Found in 


the Survey and the IRC for all IRC Associated Objects. Differer.ces are in terms 
of minutes of arc at the equator 
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Figure 8. A Histogram for the Difference in Declination Found in the 
Survey and the IRC for all IRC Associated Cbjects 


possibly due to errors in the adopted position of the zenith reference star used in 
the aspect solution. 


4. COLUMNS 6 TO 8 - MAGNITUDES M(4), M(11) AND (20) 


The magnitudes measured at 4.2, 11.0 and 19.8 microns are contained in 
these columns and are titled M(4), M(11) and M(20), respecti-ely. 

A blank entry in one of these columns indicates that the source was scanned 
but not detected in that spectral band. An asterisk (*) means that the source was 
not scanned in that band, A "less than'' designation (<) indicates that all measure- 
ments in this band were in saturation and the tabulated value is a lower limit. 
Magnitudes listed for multiply observed sources are the average of the individual 
measurements. 

Each detector was individually calibrated for each rocket flight by a least 
aquares fit of the observed system magnitudes to magnitudes derived from 2, 2, 
3.5, 11, and 20 micron ground-based photometry of IRC objects reported in the 
literature. Large amplitude infrared variables were discarded from this list of 
“standard stars" as were sources whose deviation from the best fit value was 
greater than 3o, 
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The latter was done for two reasons. First, the degree of variability of some 
sources was unknown, and secondly, the large instantaneous field-of-view used in 
the survey can accept flux from extended regions. Consequently, the survey instru- 
ment can measure objects located in or near nebulosity aa having significantly more 
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flux than conventional narrow beam ground-based observations. Magnitude correla- 
tions for the 4.2, 11.0 and 19,8 micron bands are shown in Figures 9, 10 and ll. 
A horizontal line connecting two values in these Ngures represents the range of 
values reported in the literature for this source. The rms deviation is about 
+0. 1 magnitude. 

The following relations may be used to convert the observed magnitudes to 
spectral irradiance at the cffective wavelength of the spectral band: 
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Figure 9. Correlation of Survey Magnitudes Measured at 
4.2 microns With Those Derived From Ground Based Photometry 
of Associated IRC Objects 
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5. COLLMNS 9 TO 11 - ASSOCIATIONS AND COMMENTS (IRC. Bs. COMMENTS) 


The IRC source, the Bright Star and/or other catalog designations, plus 
comments for celestial objects positionally associated with the CRL source are 
given in these columns. Primary associetions were made in rocket coordinates if 
the CRL position was within a detector width and half height of a catalogued source, 
If more than one source fell within this sox, the source closest ta the CRL position 
was selected. 

The IRC associations in column 9 are based on positions given by Neugebauer 
and Leighton! and from an extension of the 2.2 micron survey (designated by an E) 
of Neugebauer. 2 The Bright Star Number given in column 9, and the Bayer or 
Falmstead designations in column 10 are from Hoffleit. 7 Columns 9 and 10 contain 
only primary associations. 

Associations in column 11 are based on a hierarchy of catalogues and are not 
inclusive; that is, an association in one catalog may be omitted in favor of an 
association in another. The hierarchy used and catalog designation and reference 
are ordered as follows: 


Order Prefix Designation Reference 
1 Bayer or Falmstead Hoffleit, D. 2 
2. Variable Star Kukarkin, B.V. et al! 
3. SVS (Suspected Variable) | Kukarkin, V.V. et al* 
4, CIT Ulrich, B.T. et al? 


The references in the next level were considered equally. Entry into the 
catalog was based on being closest to the CRL source. 


Order Prefix Designation Reference 

5S. N or NGC (Revised New Sulentic, J.W. and Tifft, W.G. : 
General Catalog) 
I (Index Catalog) Dreyer, J.L.E. 7,8 
SHARP Sharpless, 5.9 
RCW Rodgers, A.W. et ait? 
BRIGHT NEB Lynas, B.T.!! 
HFE Hoffman, W.F. et al’ * 
WwW Westerhout, G. 

6. DO (Dearborne Obser- Lee, O.J. et ail#, 15, 16 
vatory) 

22 
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Order Prefix Designation Reference 


7, Case objective prism (1) Nassau and Blanco” 
survey, designated by a 
reference number followed (2) Naseau and Blanco 19 
by a comma, then the (3) Nassau, Blanco and Morgan 
eae number in that ref. (4) Nassau, Blanco and Cameron?? 
(5) Blanco and Nassau“! 
(6) Nassau and Blanco? 
23, 24, 25 
8. MWC (Mount Wilson Catalog) Merrill and Burwell 


If no primary associations were entered in column 11, secondary associations 
were made if the positions were within 1.5 times the errors listed in columns 4 
and 5, or were judged appropriate for catalogues of special interest such as the 
100 micron survey catalog of Hoffman et al. 12 

‘In column 11, MU and NU were used for the Greek letters pp and v, which intro- 
duces a redundancy with a possible variable star designation. No variable stars 
with MU and NU prefixes were associated with CRL sources. 

An EO comment means that this okject was observed to have significant 
angular extent with respect to the subtent of a detector in one or more colors, a 
majority of the number of times it was observed. The EO designation does not 
necessarily apply to all spectral bands and all observations of a particular source. 
An R comment refers to additional remarks about this source contained in the 
Remarks section. An A comment signifies that the source has a CRL cross refer- 
ence which is detailed in Appendix A. 


6. COLUMNS 12 AND 13 - GALACTIC COORDINATES (LI, BIT) 


H It 


and b 
columns. The positions are listed to the nearest degree. 


The galactic longitude and latitude, in the # system, are given in these 


7. COLUMN 14 - OBSERVATIONAL STATISTICS (N) 
The first number in this column gives the number of times the source was 


observed and the second is the number of times the source could have been ob- 


served, 
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Part Il - Multiply Observed Sources 


1. MULTIPLY OBSERVED SOURCES 


The individual observations of multiply observed sources are given in this 
section. The table is divided into three main data blocks. In each data block, the : 7 
first column lists the CRL number, the next three give the magnitudes measured 
at 4,2, 11 and 19.8 microns respectively, and the last column gives the Julian 
date of observation. The blank entry, asterisk(*)and "less than" sign (<) have 
the same meaning as in the main Table of Observations. 
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Part Ill - Remarks 
1. REMARKS 


This section lists remarks pertinent to various CRL sources. For the most 
part, they consist of secondary associations with the references previously 
listed. This section also lists all the secondary associations between the CRL 
sources and the Ohio State Radio Catalog edition 36. The OSU catalog and the 
following references to the prefixes are from Dixon, R.S.. 26 
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Appendix A 


1,2 bow, 3 


Cohen et al, ‘ and Ney”) which refer to CRL sources contained in preliminary 
versions of this catalog. The source designation has been changed. Table Al 
cross references the CRL nu. ber in the current catalog with the published 
numbers from the preliminary catalog. 


During the past two years several papers have appeared (Cohen, 


Table 1. Cross Reference of CRL Numbers with Preliminary Catalog 
Numbers 


CRL 


Prelim 


412-0258 
508-3363 
819-0636 
831-0628 
603-1212 
618-1343 


610-1177 
§17-1208 
712-1551 
219-1544 
733-1088 
425-1912 
423-1907 
423-1861 


416-1858 
423-1836 
423-1850 
217-1228 
713-0753 
218-1233 
408-1819 
409-1810 
212-1080 
218-1182 
213-1011 
217-0683 
218-0973 
217-0946 
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423-1693 
221-0986 
213-0509 
416-1625 
819-2927 
216-0646 
219-0573 
222-0687 
809-2992 
804-2947 
803-2935 
916-3282 
915-3336 
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